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Abstract Field margin management is a common mea-
sure employed in Europe to support farmland bird
populations. In this study we found and analysed 237 nests
of the Skylark Alauda arvensis in the Netherlands over a
period of 6 years to determine the effects of arable field
margins and breeding crop on nest-level reproductive
success. Additionally, the effect of field margins on pre-
dation was investigated and food availability in crops and
field margins was compared. Neither clutch size, nest
survival nor nestling body weight were improved by field
margin availability, irrespective of the breeding crop used.
However, the choice of breeding crop had important ef-
fects. Nestling weight was significantly lower in cereals
than in grassland and lucerne, corresponding with the low
prey densities present in cereals. Nest survival was lowest
in grassland due to frequent silage cutting. Predation rates
were highest in cereals but were not affected by field
margin proximity. The highest reproductive success was
achieved in lucerne, which was mown twice a year and
retained a suitable height for breeding throughout the
breeding season. We conclude that field margins are not
sufficient to maintain a Skylark population in this inten-
sively farmed area. The presumably more subtle effects of
increased food availability cannot compensate for the high
nest failure rates resulting from agricultural operations and
predation. In this and similar areas, the provisioning of safe
nesting habitat throughout the breeding season is essential
to improve breeding performance. Our research suggests
that this can be achieved by reducing the frequency of
silage cutting on grassland and by increasing the surface
area of lucerne.
Keywords Agri-environment  Conservation  Nestling
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Zusammenfassung
Der Einfluss von Bruthabitat und Ackerrainen auf den
Fortpflanzungserfolg der Feldlerche auf intensiv
bewirtschaftetem Ackerland
Ackerrain-Management wird in Europa häufig eingesetzt,
um Vogelpopulationen in der Agrarlandschaft zu un-
terstützen. In dieser Untersuchung analysierten wir in den
Niederlanden über sechs Jahre hinweg 237 Nestlinge der
Feldlerche (Alauda arvensis), um herauszufinden, ob die
Randstreifen der Äcker und der Anbau von Feldfrüchten
auf Nesthöhe einen Einfluss auf den Fortpflanzungserfolg
der Lerchen hätten. Darüber hinaus wurde untersucht, ob
die Ackerraine einen Einfluss auf die Räuber-Beute-
Beziehung hätten, und die Verfügbarkeit von Nahrung an
Acker- und Feldrainen wurde miteinander verglichen. Das
Vorhandensein von Ackerrainen hatte keinerlei positiven
Einfluss auf die Gelegegröße, die Überlebensrate der
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Nestlinge oder auf deren Körpergewicht, ganz gleich, ob
Feldfrüchte auf den Äckern angebaut wurden. Die Feld-
früchte selbst hatten jedoch einen wichtigen Einfluss. Das
Körpergewicht der Nestlinge war bei Getreide-Anbau sig-
nifikant niedriger als bei Wiesen oder Luzerne-Anbau, was
vermutlich an der niedrigeren Dichte von Beutetieren in
den Getreiden lag. Wegen des häufigen Mähens von Fut-
tergras war die Überlebensrate der Nestlinge auf Wiesen
am niedrigsten; die Beuterate war in Getreideäckern am
höchsten, aber unbeeinflusst davon, wie nahe der Ackerrain
war. Den größten Fortpflanzungserfolg gab es in Äckern
mit Luzerne, die zweimal im Jahr gemäht wurden und
während der gesamten Brutperiode ausreichend hoch stand.
Wir schließen aus diesen Ergebnissen, dass das Vorhan-
densein von Ackerrainen für den Erhalt einer Feldlerchen-
Population auf intensiv bewirtschaftetem Ackerland nicht
ausschlaggebend ist. Die vermutlich eher subtilen Effekte
der höheren Nahrungsverfügbarkeit können nicht die
häufigeren Brut-Misserfolge aufgrund der landwirtschaft-
lichen Bearbeitung sowie der Predation wettmachen. Für
eine Verbesserung des Bruterfolgs ist in erster Linie die
Verfügbarkeit sicherer Brutplätze über die gesamte Brut-
zeit hinweg wichtig. Unsere Untersuchungen legen nahe,
dass dies erreicht werden kann, indem die Wiesen weniger
häufig gemäht und auf mehr Ackerflächen Luzerne ange-
baut werden.
Introduction
Agricultural intensification has been identified as the major
driver behind the decline of farmland bird populations in
western Europe (Donald et al. 2001a; Robinson and
Sutherland 2002; Stoate et al. 2009). To counteract the
negative effects of agricultural intensification on biodi-
versity and ecosystem services, the European Union in-
troduced the possibility of farmers participating in agri-
environment schemes. In arable areas, agri-environment
schemes often focus on increasing the area of uncropped
land, for example in the form of sown field margins or set-
aside (Vickery et al. 2002; Tscharntke et al. 2011). Various
species living in agricultural areas depend on the presence
of uncropped land, including a range of arthropods (Duelli
and Obrist 2003; Tscharntke et al. 2005), plants (Hovd and
Skogen 2005; Van Dijk et al. 2013), and birds (Fuller et al.
2004; Henderson et al. 2012).
Evaluating the effectiveness of agri-environment
schemes for farmland birds can be difficult. A number of
studies have compared bird abundances on different farms
or in different regions: so-called space-for-time substitu-
tion (Smith et al. 2010). However, a comparison of areas
with and without agri-environmental measures can be
biased in cases where measures were preferentially estab-
lished in landscapes or farms that already had higher bird
abundances (Kleijn and Sutherland 2003). Another diffi-
culty is that changes in bird abundance do not necessarily
correlate with changes in reproductive success or survival.
Increased bird abundance in areas with agri-environmental
management can, for example, be the result of mere bird
relocation rather than increased reproduction, turning the
area into a potential sink rather than a source (Geertsma
et al. 2000). It is therefore essential to complement studies
on bird abundances or changes therein with studies that
investigate the direct effects of management on demo-
graphic processes (Henderson et al. 2012).
In the work reported in the present paper, we studied the
nest-level reproductive performance of a rapidly declining
farmland bird, the Eurasian Skylark Alauda arvensis.
Populations of this species have been declining in most
western European countries (EBCC 2013); for instance,
there has been a 96 % decrease in the Skylark population in
the Netherlands since 1960 (SOVON 2012). The decline of
the Skylark has been linked to changes in agricultural land
use and decreased habitat diversity at the farm and land-
scape scales, which have reduced the number of breeding
attempts that Skylarks undertake per year (Wilson et al.
1997; Chamberlain et al. 1999; Chamberlain and Vickery
2000; Geiger et al. 2010; Guerrero et al. 2012). Addition-
ally, summer and winter food resources for Skylarks have
diminished due to increased agrochemical inputs and the
loss of semi-natural habitat elements (Wilson et al. 1999;
Chamberlain et al. 2000; Geiger et al. 2014).
The problem of insufficient food availability during the
breeding season can potentially be solved by establishing
field margins (Vickery et al. 2002, 2009). Field margins are
extensively managed strips of land, often sown with forbs
and grasses, that have been established in a range of
countries, including the United Kingdom (Vickery et al.
2009), Switzerland (Zollinger et al. 2013), Germany
(Denys and Tscharntke 2002), France (Cordeau et al. 2012)
and the Netherlands (Noordijk et al. 2010). Field margins
generally contain higher densities of arthropods than agri-
cultural land, and they are a highly preferred foraging
habitat for Skylarks and other farmland passerines (Perkins
et al. 2002; Kuiper et al. 2013). In the United Kingdom, the
abundance of Skylarks was positively correlated with the
area of uncropped land on a farm, especially with un-
cropped patches with large perimeter-to-area ratios (Hen-
derson et al. 2012). In both the UK and Switzerland,
however, Skylark abundance and population growth rates
did not positively correlate with the surface area of field
margins (Baker et al. 2012; Meichtry-Stier et al. 2014).
The aim of the present study was to examine the effect
of field margin presence and surface area on Skylark re-
production. The effect of field margins was determined at
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the level of individual nests. We studied three important
aspects of reproduction that are known to be linked to
population dynamics: clutch size, nestling body weight and
nest survival. Birds can adjust their clutch size in response
to food availability (Martin 1987; Poulsen et al. 1998),
which in turn can affect the productivity of a population
(Chamberlain and Crick 1999). The body weight of young
birds is an important reproductive parameter because it
correlates positively with future survival and reproductive
success (Magrath 1991; Lindström 1999).
It is known that the breeding performance of Skylarks
differs between crops due to differences in food availability
and agricultural management (Jenny 1990; Poulsen et al.
1998; Donald et al. 2002). To increase the effectiveness of
field margins, it is therefore important that they are placed
alongside crops in which Skylarks have good breeding
prospects. In order to assess how various crops can hamper
or enhance the potential effects of field margins on repro-
duction, the effects of field margins were tested in three
breeding crops: cereals, grassland and lucerne. Addition-
ally, we compared these breeding crops in terms of food
availability, nestling weight, nest survival and predation
risk. Finally, the effect of field margins on predation risk
was assessed, since earlier work suggests that field margins
can attract predators or improve their access to agricultural
fields (Morris and Gilroy 2008), which would hamper the
use of field margins as a conservation measure.
Methods
The research was carried out from April through July
2007–2012 in the province of Groningen in the northeast of
the Netherlands. This province declared the stabilisation of
the Skylark population one of the targets of local agri-en-
vironmental management, and field margins are the main
management instrument used to achieve this target
(Provincie Groningen 2008). The research area of ca. 980 ha
(N5311.813, E0077.787) is situated on marine clay, and
agriculture is the main land use. The main crops are winter
wheat (*50 %), permanent grassland (*25 %), maize
(*8 %), lucerne (*5 %), sugar beet (*5 %) and rape seed
(*3 %). Grasslands were exclusively used for silage cut-
ting, with cuttings taking place 4–5 times per year, with a
mean time interval of 33 days (SD 5.3, based on 53 cutting
intervals on 30 grasslands). Lucerne was also used for silage
cutting, which was performed on average twice per year,
with a mean cutting interval of 57 days (SD 4.4, based on 18
cutting intervals on nine lucerne fields).
Field margins have been present in the area since 1997.
They generally are 12 m wide and 500–1000 m long and
remain in place for at least 6 years. They are sown with a
mixture of grasses (e.g. Festuca rubra, Phleum pratensei),
forbs (e.g. Fagopyrum esculentum, Glebionis segetum,
Lupinus sp., Carum carvi) and spring wheat. Each year,
20–70 % of the field margin is cut twice to keep the
vegetation open: once between March 1 and April 15 and
once between July 15 and September 15. The surface area
of field margins in the region varied over the years between
3 and 5 % of the agricultural land. The research area in-
cluded parts with high field margin densities as well as
parts where they were absent. Within Skylark territories,
the relative surface area of field margins ranged between 0
and 24.3 %. Among all of the territories containing field
margins, the average relative surface area of field margins
was 6.3 % (SD 0.048). In these territories, 52 % contained
[5 % field margins and 20 % contained [10 % field
margins. Other agri-environment schemes included a few
patches of bird winter seed, which were grouped with field
margins in the analyses because of their small surface areas
(\0.5 % of the cropped area). In 2012, two set-aside fields
were established in the area, which were sown with a field
margin seed mixture and strips of lucerne.
In one part of the research area (680 ha), the number of
Skylark breeding pairs was monitored annually as part of a
breeding bird monitoring programme. In this area, the
proportion of field margins averaged 4.6 % (±0.96) over
the six study years (range 3.3–5.5 %). Four times per year,
between early April and the end of July, the area was
crossed by foot around the time of sunrise, and all terri-
torial and nesting birds were mapped. After the visits, the
total number of Skylark breeding pairs was estimated based
on standardised methods (Hustings et al. 1989; Van Dijk
and Boele 2011).
Survival and productivity
Skylark nests were located by searching for birds that
showed signs of breeding behaviour or performed provi-
sioning flights. The fate of nests was verified every
1–4 days either by revisiting the nest or by observing
provisioning flights from a distance in order to minimise
disturbance. A nest was considered successful when at least
one nestling left the nest at the age of 8 days. The number
of fledglings was assumed to be equal to the number of
alive nestlings that was seen during the last visit before
fledging. Causes of nest failure were determined by in-
specting the nest site. Nests were regarded as predated
when they were found to be empty during incubation or
early nestling stages or when egg shells or scattered
feathers were found in the vicinity. When the feathers were
found intact, the predator was assumed to be a bird; when
the feathers were missing their bases, it was assumed that
they had been bitten off by a mammal. Nests with dead,
underweight nestlings were considered to have failed due
to starvation. When the exact failure date was unknown, it
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was assumed to have occurred halfway between the last
two visits.
Hatching success, nest survival and nestling survival
were calculated according to the methods described by
Mayfield (1961, 1975) and statistically tested using a
generalised linear model with binomial error distribution
and logit link function (see ‘‘Data analyses’’). Egg survival
was not included in the analyses because partial clutch loss
was observed only once. The overall survival S (the chance
that an egg survived through fledging) was estimated as
S = H(L8)(F22), where H is the proportion of the eggs that
hatch, L is the daily nestling survival rate, F is the daily
nest survival rate, 8 is the duration of the nestling phase in
days, and 22 is the duration of the nesting period in days
(Mayfield 1975). The productivity P (the mean number of
fledglings per nesting attempt) was estimated as
P = CH(L8)(F22), where C is the mean clutch size and the
other variables are as described above (adapted from
Donald et al. 2002). Standard errors for survival and pro-
ductivity were obtained by bootstrapping, resampling
10,000 times from the probability distributions for hatching
success (beta distribution), nest survival (beta distribution),
nestling survival (beta distribution) and clutch size (normal
distribution). Johnson’s estimator for the variance in daily
survival rate was used to calculate standard errors for daily
survival rates of nests and nestlings (Johnson 1979).
Estimates of hatching success were based either on the
difference between clutch and brood sizes or, as most nests
were found after hatching, on the presence of unhatched
eggs in the nest. Since unhatched eggs were found in nests
with young of all ages, this method was assumed to give a
reliable estimate of true hatching success. To confirm the
correctness of this assumption, a generalised linear model
was run with a binomial error distribution and a logit link
function, with the number of eggs hatched relative to the
number of eggs laid employed as the dependent factor, and
year and nest found before or after hatching as explanatory
factors. There were no differences in the apparent hatching
successes of nests found before and after hatching (year:
Wald v2 = 5.327, df 5, P = 0.34; nest found before/after
hatching: Wald v2 = 0.02, df 1, P = 0.88), so all nests were
included in the calculations of hatching success. Nest sur-
vival rates during the incubation and nestling phases were
combined into one estimate of daily nest survival (Mayfield
1975), because nest survival rates did not differ between the
incubation and the nestling phases (nest days without/with
losses: 290/19 during the incubation phase and 631/62
during the nestling phase, v2 = 0.08, df 1, P = 0.77).
Nestling body mass
Body mass was measured to the nearest 0.1 g using a
spring balance when nestlings were 5–9 days old (average
7.0 ± 1.1 SD days). A condition-independent indicator of
growth (tarsus length) was measured to the nearest 0.1 mm
using a pair of callipers. Rainfall and temperature may
affect nestling body weight and survival (Donald et al.
2001b; Bradbury et al. 2003) and were therefore included
in the analyses. Meteorological data were obtained from a
weather station in the research area (Nieuw Beerta,
N5311.662, E0078.966), owned by the Dutch Meteoro-
logical Institute (KNMI). For analyses of the effects of
temperature and rainfall on nestling weight, the mean
temperature and the total duration of rainfall in hours were
calculated over the day on which weighing was performed,
as well as the preceding 3 days. For analyses of the effects
of temperature and rainfall on nest survival, the mean
temperature and the total duration of rainfall in hours were
calculated over the day of fledging or nest loss and the
preceding 3 days.
Effect of field margins
In order to establish whether the presence of a field margin
is sufficient to enhance reproduction or whether a mini-
mum surface area of field margins is required, two field
margin measures were tested for their effects on breeding
success: (1) the presence of at least one field margin within
flight distance, and (2) the surface area of field margins
within flight distance. Based on foraging distances of
Skylarks in the study area, two flight distances were used:
100 and 272 m. The largest effect was expected from
margins within 100 m of the nest, because the chance that a
field margin was visited by Skylarks during a 1-h or 2-h
observation period was 76 % for margins within 100 m of
the nest and only 12 % for margins further away (Kuiper
et al. 2013). A radius of 272 m was used because this was
the 95th percentile of all foraging flight distances recorded
in the research area in 2007, 2008, and 2011 (Kuiper et al.
2013).
Field margin availability was used as the explanatory
variable, rather than field margin use based on foraging
observations. Foraging observations conducted in the study
area around the same time showed that the use of field
margins by Skylarks was so high and consistent (Kuiper
et al. 2013) that we assumed field margin availability could
be used reliably as a proxy for field margin use in order to
enlarge the sample size. The presence and surface area of
field margins were calculated in ArcGIS 10.1 (ESRI,
Redlands, CA, USA), using agricultural maps from the
Ministry of Economic Affairs (Dienst Regelingen).
Invertebrate sampling
Invertebrates were sampled in 2011 and 2012 to compare
food abundance between field margins, grassland, lucerne
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and winter wheat. Five catch rounds per year took place
between the middle of May and the middle of July at fixed
time intervals, irrespective of the cutting cycles of lucerne
and grassland. Five field margins were sampled in both
years. For each crop, two fields were sampled in 2011 and
five in 2012. The results of the 2011 sampling effort are
published in Kuiper et al. (2013).
Invertebrates were collected by vacuum sampling using
a modified leaf vacuum (McCulloch MAC GBV 345) with
a 12-cm-diameter suction tube. Sampling was conducted in
sunny and dry weather conditions only. Each sample con-
sisted of five subsamples of 15-s vacuum sessions per-
formed within a bottomless circular frame (50 cm
diameter), thus sampling a total area of 0.982 m2 per
sample. Invertebrates were identified to the order level and
allocated to three size classes (3–5, 6–8 and[8 mm). Only
those invertebrate groups that were recorded by Holland
et al. (2006) and Smith et al. (2009) as being found in the
Skylark diet were included in the analysis: individuals
larger than 5 mm in the taxa Arachnida, Coleoptera,
Diptera, Lepidoptera, Orthoptera, Hemiptera and Hy-
menoptera, including adults and larvae.
Data analyses
All statistical analyses were performed in SPSS 19 (IBM,
Armonk, NY, USA). Means are given with standard errors
in parentheses, unless indicated otherwise.
Reproduction and nestling weight
Clutch size was analysed using generalised linear models
(type III sums of squares) with a Poisson distribution and
identity link (n = 191). Nestling weight was analysed using
generalised linear mixed models (type III sums of squares)
with nest ID as a random variable (n = 357 nestlings in 111
nests). Bodymass was log-transformed to achieve normality
of residuals. Nest survival was modelled using generalised
linearmodels with a binomial error distribution and logit link
function (i.e. Mayfield logistic regression, Aebischer 1999;
Hazler 2004; n = 169 nests). For all three analyses, only
nests located in the four most commonly used breeding
habitats were analysed, which were grassland, lucerne, ce-
reals (mainly winter wheat, but there were also a few nests in
spring wheat and barley) and non-crop habitat (including
field margins, set-aside, road verges and ditch banks).
The models of all three dependent variables included the
factors year and breeding habitat and the covariates tem-
perature, rainfall and laying date (the estimated date that the
first egg of a clutch was laid). Brood size was added as a
covariate to the models for nest survival and nestling weight.
The model for nestling weight also contained the covariate
tarsus length to control for differences in nestling age and
structural size (Gilroy et al. 2009; Labocha and Hayes 2012)
as well as the interaction between tarsus length and year,
because we expected that the relation between body weight
and tarsus length would differ between years as a result of
varying weather conditions and food availability.
Field margin effects
The effects of the four field margin variables (presence and
surface area of field margins within 100 and 272 m of the
nest) were tested by adding them one by one to the basic
model described above. Possible interactions between field
margin variables and breeding habitat were also consid-
ered, because it was expected that the effect of field mar-
gins would be influenced by crop management and food
availability. Only nests located in grassland, lucerne and
cereals were included in this analysis.
To assess whether nests located closer to field margins
experienced increased predation rates, a generalised linear
model with a binomial error distribution and logit link
function (i.e. Mayfield logistic regression; Aebischer 1999;
Hazler 2004) was used to model predation as a binary vari-
able (predated or not predated) relative to the nest exposure
time. For nests that failed due to other causes than predation,
the last nest exposure daywas omitted, and only the days that
the nest survived and was not predated were counted. Ex-
planatory variables included breeding habitat (factor), dis-
tance to the nearest field margin (covariate) and the
interaction between the two. Only nests located in grassland,
lucerne and cereals were included in this analysis.
Invertebrate abundance
Differences in invertebrate abundance between habitat
types were analysed using a linear mixed model. Habitat
type, catch round and year were included as fixed factors.
The interaction between habitat type and catch round was
included to compare the change in food availability be-
tween the habitat types throughout the breeding season.
When this interaction appeared significant, post hoc tests
were performed to further explore the differences. Sam-
pling site was included as a random factor to account for
the repeated measurements performed at the same loca-
tions. The number of prey items was square root trans-
formed in order to achieve normality of residuals.
Results
Skylark nests and population trend
Over the six study years, 237 nests were found, 27 % of
which were in the incubation stage. Most nests were
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located in silage grassland (87), lucerne (62) and winter
wheat (48). Smaller numbers were found in field margins
(10), sugar beet (7), set-aside (6), spring wheat (6), barley
(4), rape seed (1) and maize (1). A few nests were located
outside agricultural land in road verges (4) and ditch banks
(1).
The number of Skylark breeding pairs in the central part
of the research area was monitored annually and decreased
steadily from 63 pairs (9.3 per 100 ha) in 2007 to 38 pairs
(5.6 per 100 ha) in 2012, an overall decrease of 40 %.
Clutch size
The average clutch size was 3.85 eggs and did not differ
between breeding habitats (Tables 1, 2). Clutch size tended
to be higher in cereals than in grassland, but this trend was
not significant. The presence or surface area of field mar-
gins around the nest did not affect clutch size (Table 2).
Nestling body weight
Nestling body weight differed significantly between
breeding habitats (Table 2), being lower in cereals than in
grassland (P\ 0.001), lucerne (P\ 0.01) and extensive
habitat (P\ 0.05) (Table 1). Nestling body weight was
significantly affected by the interaction between breeding
habitat and the presence of a field margin within 100 m of
the nest (Table 2). This interaction was caused by field
margin presence affecting nestling body weight in lucerne
(P\ 0.05) but not in grassland (P = 0.43) or cereals
(P = 0.44). In lucerne, mean body weight was lower when
a field margin was present within 100 m of the nest
(n = 56; model-estimated mean weight 28.1 ± 1.0 g) than
when no field margin was present (n = 57; model-esti-
mated mean weight 29.4 ± 1.0 g). Mean body weight
varied significantly between years, which also significantly
affected the relationship between tarsus growth and weight
gain (tarsus 9 year, Table 2). Brood size, temperature and
rainfall did not affect nestling body weight.
Survival and productivity
Forty-seven unhatched eggs were found among 747 eggs
and nestlings in 202 nests, giving a mean hatching success
of 0.936 (Table 1). Partial brood loss was observed for 21
nests, with 29 nestlings lost during 2,401 nestling exposure
days. The loss of nine nestlings could be attributed to
starvation; the cause of the partial brood loss could not be
established in the other cases. The daily nestling survival
rate was 0.988 (Table 1), resulting in a nestling survival
probability of 90.7 % (±1.6) for the entire nestling phase
of 8 days. The daily nest survival rate was 0.919 (Table 1),
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the whole nesting period. The average productivity (the
number of fledglings produced per nesting attempt) over all
years was 0.51 (±0.11).
Breeding crop was the only variable affecting nest sur-
vival (Table 2). Survival in grassland was lower than in
lucerne (P\ 0.001) and in cereals (P\ 0.01; Table 1).
Nest survival in non-crop habitat was slightly higher than
in grassland but the difference was statistically non-
significant (P = 0.060). Fledgling productivity was 0.14
(±0.07) in grassland, 0.37 (±0.33) in non-crop habitat,
0.85 (±0.33) in cereals and 1.14 (±0.32) in lucerne
(Fig. 1). Nest survival was unaffected by the presence or
surface area of field margins.
Mowing and predation were the most important causes
of nest loss (Table 3). Of the 34 nests that were lost to
mowing, 30 were located in grassland and 4 in lucerne.
Nest proximity to field margins did not affect predation rate
(Wald v2 = 1.5, df 1, P = 0.23). This effect was inde-
pendent of breeding crop (breeding habitat 9 field margin
proximity interaction, Wald v2 = 3.9, df 2, P = 0.14).
However, predation rates differed significantly between
breeding crops (Wald v2 = 9.4, df 2, P\ 0.01). Predation
was significantly higher in winter cereals than in grassland
(Wald v2 = 9.1, df 1, P\ 0.01) and lucerne (Wald
v2 = 4.6, df 1, P\ 0.05). For ten nests (29 % of all pre-
dated nests), the predator type could be identified based on
the feather remains. The predator was a bird in seven cases
and a mammal in three cases. Ten broods were lost due to
starvation or abandonment and three to unknown or other
causes, including a nest located in a road verge that failed
after one of the adult birds was killed by traffic.
Food abundance
Invertebrate prey abundance differed significantly between
the four habitat types that were sampled (field margins,
grassland, lucerne and winter wheat; F3,23 = 10.0,
P\ 0.001) but not between the five catch rounds
(F4,27 = 2.5, P = 0.070) or study years (F1,27 = 0.0,
P = 0.99). The interaction between habitat type and catch
round was significant (F12,27 = 4.5, P\ 0.001), indicating
Table 2 Factors influencing
Skylark clutch size (GLM,
n = 191), nestling body weight
(GLMM, n = 111 nests) and
nest survival (Mayfield logistic
regression, n = 169)
Only nests located in cereals,
grassland and lucerne were
included (data collected
between 2007 and 2012)
Significant variables are shown
in bold
FM field margin
* P\ 0.05; ** P\ 0.01;
*** P\ 0.001
Clutch size Nestling weight Nest survival
Wald v2 (df) F(df) Wald v
2
(df)
Intercept 28.3(1)*** 203(1,339)*** 38.4(1)***
Year 0.77(5) 12.2(5,339)*** 2.76(5)
Breeding habitat 0.66(2) 7.79(2,339)*** 9.81(2)**
Lay date 0.30(1) 5.04(1,339)* 0.03(1)
Temperature 0.02(1) 0.56(1,339) 0.17(1)
Rainfall 0.02(1) 1.68(1,339) 0.12(1)
Brood size – 0.53(1,339) 2.08(1)
Tarsus length – 616(1,339)*** –
Tarsus 9 year – 27.6(5,339)*** –
FM presence within 100 m 0.31(1) 0.17(1,336) 0.47(1)
FM presence within 272 m 0.02(1) 1.91(1,336) 0.08(1)
FM surface area within 100 m 0.23(1) 3.53(1,336) 0.80(1)
FM surface area within 272 m 0.28(1) 3.05(1,336) 0.41(1)
FM presence within 100 m 9 breeding habitat 0.48(2) 3.42(2,336)* 0.67(2)
FM presence within 272 m 9 breeding habitat 0.58(2) 0.77(2,336) 2.03(2)
FM surface area within 100 m 9 breeding habitat 0.87(2) 1.25(2,336) 0.28(2)





























Fig. 1 Mean number of Skylark fledglings produced per breeding
attempt (±SE) in the four most commonly used breeding habitats and
in total, averaged over the years 2007 through 2012. Numbers above
bars indicate sample sizes (number of nests)
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that the differences in prey abundance between habitat
types changed over time. There were no differences in prey
abundance between habitat types during the first catch
round in the middle of May. Throughout the rest of the
sampling period (from the end of May until the middle of
July), prey abundance was significantly higher in field
margins than in winter wheat (Fig. 2). Field margins con-
tained more prey than grassland in the middle and at the
end of June, and more prey than lucerne at the end of June.
Prey densities in the three crops did not differ from each
other at any point in time, although densities were gener-
ally lower in winter wheat than in grassland and lucerne.
Discussion
Skylark reproduction
Low food availability in agricultural landscapes has been
identified as one of the causes of the declines in farmland
bird populations in Western Europe (Newton 2004; Butler
et al. 2007). The establishment of agri-environment
schemes that increase food availability, such as field
margins, was expected to improve bird reproductive per-
formance. Yet, the relationship between food availability
and nestling condition or survival is not consistently
positive, perhaps because factors like accessibility, prey
profitability and nutrient composition are not always ac-
counted for. Although some studies found improved nest-
ling weight and survival when food availability around the
nest was higher, for example for Yellowhammer Emberiza
citrinella (Hart et al. 2006), Linnet Carduelis cannabina
(Bradbury et al. 2003) and Corn Bunting Miliaria calandra
(Brickle et al. 2000; Boatman et al. 2004), other studies
could not detect such correlations for Chaffinch Fringilla
coelebs (Bradbury et al. 2003), Yellowhammer (Bradbury
et al. 2003) and Yellow Wagtail Motacilla flava (Gilroy
et al. 2009).
For Skylarks, there are indications that nestling condi-
tion is significantly affected by the abundance of chick
food within 100 m of the nest (Boatman et al. 2004). Our
results point in the same direction, with broods located in
winter wheat—the crop with the lowest food abundance—
being in poorer condition than broods in grassland and
lucerne. This suggests that the establishment of inverte-
brate-rich elements such as field margins would be most
Table 3 Causes of Skylark nest failure in the four most commonly used breeding habitats and in total, summed over the years 2007 through
2012
Cereals Grassland Lucerne Non-cropa All
Mowing 0 (0 %) 30 (41 %) 4 (8 %) 0 (0 %) 34 (17 %)
Predation 12 (25 %) 7 (10 %) 9 (19 %) 4 (22 %) 34 (17 %)
Starvation/abandonment 3 (6 %) 3 (4 %) 0 (0 %) 3 (17 %) 10 (5 %)
Other/unknown 0 (0 %) 1 (1 %) 1 (2 %) 1 (6 %) 3 (2 %)
Total 15 (31 %) 41 (56 %) 14 (29 %) 8 (44 %) 81 (42 %)
The percentage of nests lost relative to the total number of nests found within the breeding habitat is shown in parentheses


















































Fig. 2 Invertebrate prey
availability in field margins and
crops throughout the breeding
season, averaged over 2011 and
2012. Different letters indicate
significant differences between
habitat types within catch
rounds (P\ 0.05)
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effective in wheat fields. Surprisingly, however, we did not
find a positive effect of field margins on nestling weight in
any of the breeding crops, even when taking into account
field margin surface area. This result is similar to findings
from Switzerland, where the area of field margins (wild-
flower strips) did not affect Skylark nestling weight,
although a significant effect was found on feather growth
(Weibel 1999). It is difficult to understand why field mar-
gins did not have a positive effect on weight, because food
abundance was on average 4.4 times higher in field margins
than in the sampled crops. Field margins are widely and
frequently used by the Skylarks in this area, so the
vegetation composition and management of the margins do
not seem to hamper their use (Kuiper et al. 2013). The lack
of effect cannot be explained by an increase in clutch size
near field margins (as was found previously) either (Weibel
1999; Donald et al. 2001b), since clutch size was not af-
fected by the availability of field margins nor by breeding
habitat.
A possible explanation is that Skylark parents were able
to compensate for a poorer environment by increasing their
foraging efforts (Bradbury et al. 2003; Gilroy et al. 2009).
When parents make longer or more frequent foraging
flights, this can ultimately lead to reduced condition,
elevated mortality rates or a reduced number of breeding
attempts per year (Martin 1995; Siriwardena et al. 2000).
An alternative possibility is that Skylark nestlings were
able to maintain a normal growth rate under poor condi-
tions at the cost of lowered immune functioning. In this
case, the body weight indicates good health while the de-
prived immune system reduces long-term survival (Chin
et al. 2005; Hegemann et al. 2013).
Nest survival rates were not improved by field margin
availability. Most likely, food abundance was not the
limiting factor for nest survival. Only a few nests were lost
due to starvation; the majority of the nest failures was
caused by agricultural practices and predation. In contrast
to earlier findings, nest predation rates did not increase in
the proximity of field margins (Morris and Gilroy 2008).
Rather, our field observations led to the idea that predation
risk was enhanced by food shortage. Nests with under-
weight nestlings or deserted broods were often found to be
predated at a later visit (not further quantified). It is known
that hungry nestlings increase the frequency and volume of
their begging calls, which attracts the attention of predators
and increases predation rates (Redondo and Castro 1992;
Evans et al. 1997). Although predators were not identified,
birds of prey seemed to be the most frequent predators
based on feather remains, similar to the results of Praus and
Weidinger (2010).
Grassland was one of the most commonly used
breeding habitats, but, in line with earlier work, nest
survival rates in grassland were very low (Jenny 1990;
Wilson et al. 1997; Donald et al. 2002). The studied fields
were cut in their entirety to collect silage every 33 days
on average, a time interval that is generally too short for
Skylarks to complete their nesting cycle. It is therefore
not surprising that the mean number of chicks produced
per nest in grassland was only 0.14. The number of
nestlings that survive until independence will probably be
even lower, considering that nests that were destroyed at
the incubation stage may have been missed and that
productivity was calculated up to the moment that the
chicks left the nest, while they can only fly short distances
and escape from cutting machinery after several more
days. The high cutting frequency of grasslands, enhanced
by the use of fertilizer, improved drainage and fast-
growing grass species, is a strong limitation on successful
breeding in grassland (Chamberlain and Vickery 2000). In
non-grassland habitats, there were little or no agricultural
practices that directly affected nest survival. In lucerne, a
legume which is cut twice per year for silage, nest sur-
vival and productivity were the highest among the four
considered breeding habitats. We suspect that few nests
were lost to mowing in lucerne because this crop grows
tall and dense quite rapidly, while Skylarks prefer to nest
in low and sparse vegetation (Wilson et al. 1997; Toepfer
and Stubbe 2001), so the majority of nests were initiated
shortly after mowing.
Data on adult and juvenile survival rates are not
available for the study population, but we can estimate the
minimum reproductive rate necessary for a stable
population based on a different Skylark population in the
Netherlands, which showed average annual return rates of
0.7 for adults and 0.2 for juveniles (Hegemann 2012).
Assuming that the same return rates apply to our study
population, it would require on average three fledglings
per pair per year in order to maintain the population size.
With 2.5–3 breeding attempts per year (Delius 1965), the
minimum number of fledglings required per breeding at-
tempt is 1.0–1.2. In our study area, the mean number of
fledglings produced per breeding attempt—averaged over
all study years and all breeding habitats—was only 0.5,
and this is probably an underestimate because nests that
fail during the early nesting stages are often missed
(Jenny 1990). The annual monitoring of Skylark breeding
pairs confirmed that this reproduction rate was insuffi-
cient, leading to a gradual decline of 9.5 % per year be-
tween 2006 and 2012. Lucerne was the only crop in which
the reproductive output exceeded the minimum, with 1.14
nestlings produced per breeding attempt. There is not
sufficient data on emigration, immigration and juvenile
and adult survival rates to draw final conclusions, but the
low productivity rates in cereals and particularly grass-
land seem to be at least partly responsible for the
population decline.
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Implications for agri-environmental management
Sufficient food availability on farmland is important for
Skylark populations, not only during the breeding season
but also in winter (Donald et al. 2001c; Geiger et al. 2014).
Yet, for effective conservation of the Skylark, it is essential
to implement measures that not only improve food avail-
ability but also provide a safe nesting habitat. Although
field margins can be used as a nesting habitat by Skylarks
(Weibel 1999), only a few birds nested in the field margins
in our study area. Survival rates in field margins are low
and perhaps Skylarks avoided this breeding habitat to re-
duce predation risk. Based on our findings, we see two
main possibilities for increasing the availability of safe
nesting habitat for Skylarks in the study area and in similar
agricultural landscapes. First, the safety of grassland as a
breeding habitat could be improved by reducing the num-
ber of silage cuts, preferentially in combination with low-
ered inputs of fertilizer to reduce grass growth, thereby
lengthening the cutting interval and allowing the birds
more time to raise their brood (Wilson et al. 1997; Vickery
et al. 2001; Donald et al. 2002; Stein-Bachinger and Fuchs
2012). This is particularly important because Skylarks
greatly prefer grassland as a breeding habitat, especially in
June and July when winter wheat becomes too tall and
other suitable crops are only scarcely available.
Late-season availability of suitable breeding crops can
also be improved by increasing the use of spring-sown ce-
reals (Chamberlain et al. 1999; Kragten et al. 2008; Eggers
et al. 2011) or lucerne that is mown with low frequency
(Eraud and Boutin 2002; Stein-Bachinger and Fuchs 2004).
In the present study, the highest nestling productivity was
reached in lucerne. The low-frequency mowing of lucerne
allows sufficient time for Skylarks to raise their young but
also repeatedly returns the vegetation to a height and cov-
erage that is suitable for nesting, explaining the high use of
this crop as a breeding habitat throughout the entire breeding
season. Another advantage of lucerne is the relatively high
availability of invertebrates compared to other crops, prob-
ably because lucerne is a perennial crop and requires no
pesticide (Bretagnolle et al. 2011). Previous work suggests
that increasing the surface area of lucerne may also benefit
other passerines, such as CornBunting (Emberiza calandra),
Yellow Wagtail (Motacilla flava) and Whinchat (Saxicola
rubreta) (Stein-Bachinger and Fuchs 2012). For Montagu’s
Harrier (Circus pygargus), lucerne is one of the most pre-
ferred hunting habitats, especially shortly after mowing,
when voles and mice become more easily visible (Trier-
weiler et al. 2010). In France, an increase in the surface area
of extensively managed lucerne helped to locally reverse the
decline of the endangered Little Bustard Tetrax tetrax
(Bretagnolle et al. 2011)while simultaneously slowing down
the decline of the untargeted Skylark (Brodier et al. 2013).
An important advantage of promoting certain production
crops for agri-environmental purposes is that such mea-
sures are more cost-effective than nonproductive agri-en-
vironment schemes. In the study area, farmers received a
payment of approximately €2150 for each hectare of field
margin to fully compensate for the income loss associated
with not using the land to grow winter wheat, the most
profitable crop in the region. In comparison, the sum re-
quired to compensate for the income difference between
lucerne and winter wheat would be approximately €1200
per ha, or €1000 when the positive effects of lucerne on
soil quality and future pest pressure are incorporated
(personal communication from local farmers). Thus, by
promoting crops such as lucerne as agri-environmental
measures, farmers can provide safe breeding habitat for
birds at relatively low costs, even when additional mea-
sures are taken that reduce farming intensity in order to
increase the ecological value of the crop (e.g. limiting the
number of silage cuts per year).
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